A SINGULAR EXPERIMENTAL RESULT
An interesting experimental result in neutron scattering by liquid helium ( 4 He) been observed in the last few years. It concerns high resolution data pertaining the dynamic structure factor , one of the fundamental quantities involved in the analysis of neutron scattering experiments. The
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arguments of the dynamic structure factor are the wavevector and the angular frequency , which, " * multiplied by Planck's constant, are the momentum and energy transferred into liquid helium by the scattered neutron:
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neutron. is defined in terms of the phase space number density by 6(" *) !(" W) (2) , 6 (" *)
where is the number of molecules. Furthermore it can be shown that, in the first Born approximation, 1
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So what is done is to use neutron scattering to study the structure form factor, which in turn gives information about the excitations of liquid helium.
Recent high resolution experiments have allowed the study in detail the temperature dependence of peaks of at and . Their existence has been known 1 for some time, and
what is new 2, 3 is the detail with which we now can know their dependence on temperature. For a long time the first peak has been associated with phonons. It is basically temperature independent. The second peak begins forming only after the temperature has dropped down to , the lambda point; it is not there for
7
. As the temperature drops even further it keeps increasing until at absolute zero it involves about
of the liquid. peak of the dynamic structure function. Nevertheless, according to PHP, the single particle branch is still there. In this picture, the roton peak does not exist for because the condensate does not either. O there is a qualitative difference between the excitations above and below ;
O the phonon and roton branches have a unified character and are both of single particle origin.
In the MCP, hybridization is still accepted, but it is emphasized that it implies the suppression of the zero sound branch for . This leaves only the single particle sound branch for this low-temperature
regime. The theoretical arguments given in the MCP reference against the PHP seem fairly strong and correct. The main conclusion we derive from the MCP is that the PHP is not a self-consistent explanation of the observed experimental results. On the other hand, we are left with a feeling of dissatisfaction as to what is the actual physics behind the temperature dependence of the two peaks.
Let us consider the situation under a more general light. In the experiments we see the formation of a strong peak at when the temperature drops down to . Since we are assuming that a
condensate begins to form at precisely this temperature, we invoke the hybridization process to explain Q how a condensate forming at shows up as a peak forming at . But there is another
simpler explanation for what is being seen: the peak in forms because at more
and more excitations begin to have precisely this wavenumber, that is, it appears to form at this -3-wavenumber because it is actually doing so, and it is interesting that there is also a simple physical mechanism that produces precisely this effect.
A PHYSICAL MECHANISM THAT PRODUCES A PEAK AT
It was suggested 9 some time ago that a nonzero root-mean-square superfluid velocity due to quantum fluctuations exists in a superfluid at rest. There is no net liquid transport because the current vector is always switching directions. It also has been proposed 10 on the basis of theoretical considerations of the one-particle spectrum, that there could be a Bose-Einstein condensate at a nonzero wavenumber.
Later it was also pointed out 11 that the experimentally successful Hyland-Rowlands-Cummings formula 12 could be explained assuming such a condensate. This is convenient since the original derivation has been shown to be incorrect. 13 Here we show, in agreement with these ideas, that it is likely that a macroscopic number of helium molecules acquire a rms wavenumber at the lambda point, so that the
peak seen at this momentum transfer in is to be expected.
6(*)
It is well-known that a liquid helium molecule has a zero point energy that is in the order of its 
This simple derivation based on the zero point energy effect predicts that many molecules will have a wavenumber of , very close to the of the experimentally observed peak.
The motion of an incased atom is, of course, invisible to the eye. Although there is a macroscopic number of atoms with the same wavenumber, they are not in the same state, because the wavevector is 
is experimentally appearing as a peak at , are certainly more complex, but this is not an asset in
physics.
There is an experiment that can be performed to settle if the peak's formation at the lambda point corresponds to an actual increase in the number of excitations with wavenumber , like we are
proposing, or if it is just an induced effect. It would consist of shining monochromatic light on liquid helium of a frequency that excites the atoms, so that some of them return to the fundamental state with the emission of a photon. The width of the spectroscopic lines produced by the decaying atoms is then measured as a function of the temperature. One would expect in general the width to diminish with temperature, but if some of the atoms at the lambda point are acquiring more kinetic energy at the cost of -6-the rest, then the Doppler effect should begin to broaden the spectroscopic lines of the photons emitted by those molecules, even as the temperature continues to drop. There would be macroscopically many molecules traveling at a speed .
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